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Azimuthally anisotropic phase velocity maps

Method
The two-station technique employed here enables us to measure path-averaged phase velocitiesc between two stations :
where T indicates the period considered, and stations 1 and 2 are located along the 146 great-circle path l at epicentral distances d 1 and d 2 , respectively. We invert our path-147 averaged phase velocity measurements using the least-squares (LSQR) method developed 148 by Lebedev (Darbyshire and Lebedev (2009)) and previously employed by Beghein et al.
149 (2010) . With this method, the study area is parameterized by a 2-D triangular grid. The azimuthal coverage achieved. Cells that are too large would smooth the data unnecessarily 153 and potentially hide interesting model features, while cells that are too small could display 154 variations that are not resolvable with our data. After testing parameterization with 45, 155 60, and 100 km spacing, we select the grid spacing of 60 km (for the total of 898 grid 156 cells).
157
This method not only enables us to obtain isotropic phase velocity maps at different periods, but also allows us to model the azimuthal dependence of the phase velocity. In a slightly anisotropic medium, phase velocities can be expressed as (Smith and Dahlen, 1973) :
c(T, Ψ) = c 0 (T ) + c 1 (T )cos(2Ψ) + c 2 (T )sin(2Ψ) + c 3 (T )cos(4Ψ) + c 4 (T )sin(4Ψ) (2) where c is the phase velocity, T is the period, Ψ is the azimuth, c 0 (T ) is the isotropic term, and c 1−4 are the azimuthal coefficients (Backus, 1970) . The directions Θ of fast propagation for Rayleigh waves and the amplitude A of the anisotropy can be obtained using :
Θ 2Ψ = 1/2 arctan(c 2 /c 1 ),
A 2Ψ = (c 2 1 + c 2 2 ),
A 4Ψ = (c 2 3 + c 2 4 ).
the 4Ψ terms do not improve the data fit significantly. We obtain similar outcomes for the 180 other periods. Hence, in the following, we discuss only the isotropic (0Ψ) and 2Ψ terms.
181
To evaluate the quality of our data coverage, we conduct isotropic and anisotropic an isotropic input model ( Figure 11A and B) yields an output model with virtually no 193 anisotropy (less than 0.5%) everywhere in the study area. Because the resolution of 194 our models is better in the center of our study area, where the number of stations, and
Trade-offs between isotropic and anisotropic terms in the inversion of Eq. 1 can affect 198 the results. The synthetic tests shown in Fig. 11A and B demonstrate that our inversion 199 scheme can detect the absence of anisotropy, and therefore that there is little trade-off 200 between the isotropic and anisotropic terms. Another way to analyze these trade-offs is 201 by computing the resolution matrix R from Eq. 7, which we do using the damping values 202 chosen for our preffered anisotropic model ( Figure 12 ). Each line of R corresponds to 203 a model parameter, and the matrix is divided into nine sub-matrices c i c j (i, j = 0, 1, 2),
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where c 0 spans parameters that correspond to the 0Ψ term, and c 1 and c 2 span parameters 205 that correspond to the two 2Ψ terms. The off-diagonal submatrices c i c j (i = j), represent 206 trade-offs between the three terms, and the off-diagonal elements within the submatrices 207 c i c i indicate lateral trade-offs, i.e., trade-off within the same c i term but at different 208 geographic locations. Figure 12 shows the existence of some lateral trade-offs, which result 209 from imperfect ray coverage and lateral smoothing. It also demonstrates that trade-offs 210 exist between the isotropic and anisotropic terms and between the two 2Ψ terms, but 211 that they are relatively small. The synthetic tests performed in addition to the resolution 212 matrix shown here give us confidence in the significance and resolution of the obtained 213 anisotropy. 
Results
The obtained phase velocity maps are shown in Figure 13 for periods of 18 s, 44 s, and 
where a represents the radius of the Earth, and K m (r) is the phase velocity sensitivity 241 kernel or partial derivative with respect to model parameter m (here m stands for V S , V P , 242 and ρ).
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In this work, the isotropic part of the phase velocity maps is inverted for V S via a 244 linearized least-squares inversion using code surf96 (Herrmann, 1987; Herrmann, Ammon, 245 2002). We impose a depth parameterization in terms of three layers down to 200 km 246 depth, with the top layer representing the crust and the other two layers being located 247 in the mantle ( Figure 15D ). The middle layer spans depths going from the Moho, as 248 constrained by receiver function analyses (see explanations below), to 100 km depth.
249
We choose approximately 50-60 km as the average lithosphere thickness based on the 
Azimuthal anisotropy
At a given period T , the phase velocity azimuthal anisotropy relates to azimuthal anisotropy at depth through equations similar to Eq. 8 :
where c 1 and c 2 are the 2Ψ anisotropic terms of Eq. 2, G c and G s are elastic parameters that 283 describe the azimuthal anisotropy of vertically polarized shear-waves, and K G describes 284 the sensitivity of Rayleigh waves to G c and G s . 285 We invert Eqs. 9 and 10 for G c (r) and G s (r) using a singular value decomposition (SVD) 286 method. We follow the procedure described by Matsu'ura and Hirata (1982) 
The results are displayed in Figure 15 . In our interpretation, we concentrate on the pat- The slabs at the depths of up to 100 km appear to be almost disconnected.
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Another striking feature is a low velocity zone in the northern part of the MASE array 321 ( Figure 15B) , with a velocity contrast of 0.3 km/s between the low and high velocity 322 regions. We attribute the velocity reduction to the presence of water or melt in a mantle 323 wedge as a consequence of the subduction process. It is interesting to note that the low 
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We can thus observe that the subducting slab in the study area is separated into two 348 sections, one of which is flat and shallow (section 3, Figure 1 ) while the other one is steep 349 and deep (section 2, Figure 1 ). An important issue is how the subduction changes across 350 the boundary between the flat and steep portions. One possibility is that the slab is 
